
Oct. 4, 1932. E. B. SPEAR 1,880,512 
MANUFACTURE OF CARBON BLACK 

Filed Aug. 9, 1929 2 Sheets-Sheet 

N. 

E. 
(0 

ls 

3. 
s N 

IP s 
- 

. 

t 
N R 

NVENTOR 

takinosing terroes-ae 

  

  



E. B. SPEAR 1,880,512 
MANUFACTURE OF CARBON BLACK 

Oct. 4, 1932. 

Filed Aug. 9, 1929 2 2. Sheets-Sheet 

NVENTOR 

Pae 

Al 

  

  

  

  

  

    

  

  

  

  

  

  



Patented Oct. 4, 1932 

UNITED STATES 
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PATENT OFFICE 
ELLWOOD B. SPEAR, OF PITTSBURGH, PENNSYLVANIA, ASSIGNOR O THERNATOVIC 

CARBON COMPANY, OF PITTSBURGH, PENINSYLVANIA, A CORPORATION OF DELA 
WARE 

VANACTURE OF CARBON BLACK 

Application filed August 9, 1929, Serial No. 384,650, and in Canada September 7, 1928. 

This application is a continuation in part 
of my copending applications Serial No. 
221,245, filed September 22, 1927, and Serial 
No. 300,133, filed August 16, 1928. 

5 The present invention relates to the manu 
facture of carbon black, and more especially 
to an improved process and apparatus for 
the manufacture of carbon black, in which 
the hydrocarbon gas being decomposed is 

10 diluted with hot gases of combustion fur 
nished by a burning fuel. 
The present invention is an improvement 

over the process and apparatus developed by 
the applicant and Robert L. Moore, and de 

15 scribed in the Spear and Moore application, 
Serial No. 61,149, filed October 7, 1925, and 
continuation applications, Serial No. 206,500, 
filed July 18, 1927, and Serial No. 300,131, 
filed August 16, 1928. 
According to the preferred procedure in 

the Spear and Moore process, a Substantially 
inert diluent gas, preferably the residual gas 
resulting from the previous decomposition 
of a quantity of hydrocarbon gas and con 

25 sisting principally of hydrogen, is preheated 
above the decomposition temperature of the 
hydrocarbon gas. The hydrocarbon gas to 
be decomposed is then mixed with the diluent 
O8.S. 

The volume of the diluent gas is consider 
ably greater than that of the hydrocarbon 
gas in the mixture, the volume of the diluent 
gas being at least two or three times that of 
the hydrocarbon gas. The mixture of the 
preheated diluent gas and the hydrocarbon 
gas is passed over extensive heat exchanging 
surfaces to decompose the hydrocarbon gas 
and yield solid carbon particles. Part of the 
carbon thus formed is deposited upon the 
heat exchanging surfaces and part is en 
trained in and swept along with the gas, 
which is then passed through devices for 
quickly cooling it and separating the carbon 
from the gas. 
In the Brownlee and Uhlinger Patent No. 

1,520,115 of December 23, 1924, is described 
another process of thermal decomposition of 
a hydrocarbon gas to produce carbon black. 
The characteristics of the carbon black pro 

50 duced by the Brownlee and Uhlinger process, 
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particularly its characteristics in rubber com 
pounding, are described in the patent of Roy 
E. Uhlinger, No. 1,638,421, of August 9, 1927. 
In the said Uhlinger patent, the characteris 
tics of commercial carbon black and the car- : 
bon black as made commercially by the 
Brownlee and Uhlinger process are stated in 
detail and need not be repeated here. 
The Spear and Moore process above re 

ferred to differs from the Brownlee and Uh 
linger process, among other particulars, in 
hat the hydrocarbon gas to be decomposed 

is mixed with a considerably greater volume 
of diluent gas, preferably an inert gas pre 
heated before being mixed with hydrocarbon 
gaS. 
As described in the Spear and Moore ap 

plications above referred to, the dilution of 
the hydrocarbon gas with the diluent gas pro 
foundly modifies the characteristics of the 
carbon black from carbon black as produced 
by the Brownlee and Uhlinger process, in 
which the hydrocarbon gas is decomposed 
without dilution. The carbon produced by 
the Spear and Moore process differs from 
both the common commercial carbon black 
and the Brownlee and Uhlinger carbon black. 
By common commercial carbon black, I mean 
the usual carbon blacks of commerce which 
are Ordinarily made by gas flames burning 
against relatively cool metal surfaces upon 
which the carbon black is deposited and from 
which it is scraped. This process is ordi 
narily called the channel process and these 
blacks are sometimes known as channel 
blacks. The carbon as described in the 
Brownlee and Uhlinger patent is produced 
by the decomposition in a heated retort of a 
hydrocarbon gas without substantial combus 
tion of the gas. The carbon black made by 
the Spear and Moore process has certain of 
the desirable qualities of both the common 
commercial carbon blacks and the Brownlee 
and Uhlinger carbon black. Generally 
speaking, the Spear and Moore carbon black 
has the low rubber-stiffening qualities of the 
Brownlee and Uhlinger carbon black, but 
has a darker color. It imparts an ultimate 
tensile strength to cured rubber composi 
tions approximately equal to that imparted 
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by an equal weight of the best grades of Com 
mon commercial carbon black. It imparts 
to the cured rubber a greater elongation at 
the point of rupture than that imparted by 
equal weights of either common commercial 
carbon black or the Brownlee and Uhlinger 
carbon black. 
A considerably greater proportion by 

weight of the Spear and Moore carbon black 
may be milled in the rubber than of the com 
mon commercial carbon blacks. A somewhat 
greater proportion by Weight of the Spear 
and Moore carbon black may be milled into 
the rubber and the desirable qualities of the 
rubber composition retained, than is the case 
with the Brownlee and Uhlinger carbon 
black. m 

My process, as hereinafter more fully de 
scribed, resembles the Spear and Moore proc 
ess in the decomposition of the hydrocarbon. 
gas by passing it, together with the preheat 
ed diluent gas, over extensive heat exchang 
ing surfaces, as contrasted with the channel 
process in which the gases are burned. The 
carbon black as commercially produced by 
my process is intermediate in quality between 
that of the Brownlee and Uhlinger process 
and that of the Spear and Moore process, but 
has characteristics approaching the carbon 
black as produced by the Spear and Moore 
process. 
My process is in the nature of a variation 

from and an improvement upon the Spear 
and Moore process for the cheaper produc 
tion of a carbon black having the character 
istics of the same general type and approach 
ing those of the carbon black produced by the 
Spear and Moore process. In order to carry 
out my improved process, I employ an appa 
ratus differing in a number of important par 
ticulars from that described in the Spear and 
Moore process. 
In the Spear and Moore process as de 

scribed in the Spear and Moore application, 
the hydrocarbon gas is decomposed in a heat 
ed retort of the general type shown in the 
Brownlee and Uhlinger patent. The Spear 
and Moore retort contains refractory check 
erwork, but diffel's from the checkerwork ar 
rangement shown in the Brownlee and 
Uhlinger patent in that the checkerwork is 
divided into two zones, one above the other, 
between which is a mixing chamber. 
In the Spear and Moore process, the check 

erwork is highly heated by a heating blast 
substantially as described in the Brownlee 
and Uhlinger patent. After the heating blast 
is cut off, a diluent gas, which is preferably 
the hydrogen-containing residual gas result 
ing from the previous decomposition of a 
quantity of the hydrocarbon gas used, usually 
natural gas, is introduced into the top of the 
retort and flows down through the upper or 
first Zone of the heated checkerwork, in which 
it is preheated well above the decomposition 
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temperature of the hydrocarbon gas to be 
decomposed. The preheated diluent gas and 
the hydrocarbon gas to be decomposed are 
mixed in the chamber between the upper and 
lower zones of checkerwork, and the mixture 
passes down through the lower zone of check 
erwork in which the hydrocarbon gas is de 
composed to yield solid carbon particles. 
Part of the carbon particles are deposited on 
the checkerwork and part are swept along 
with the stream of gas and out of the retort 
and through gas-cooling and carbon-collect 
ing devices similar to those shown in the 
Brownlee and Uhlinger patent. The carbon 
particles which are deposited or encrusted 
on the checkerwork are burned off by the 
application of the heating blast used for 
heating the checkerwork. 
As described in the Spear and Moore ap 

plications, the diluent gas, which is prefer 
ably the residual gas from which the car 
bon has been separated, is piped back and 
introduced into the retort in a relatively cool 
condition so that a relatively large Volume 
of checkerwork, which has to periodically 
heated with a heating blast, must be employed 
to preheat the diluent gas in the retort before 
it is mixed with the hydrocarbon gas. 

Since, as described in the Spear and Moore 
application, the diluent gas should be mixed 
With the hydrocarbon gas in a considerably 
larger volume than that of the hydrocarbon 
gas, relatively large volumes of the diluent 
gas must be handled and heated, necessitating 
a considerable expense in the gas handling 
and heating apparatus. In my process, I use 
the hot combustion gases from a burning fuel 
while still retaining their sensible heat, as 
the preheated diluent gas to be mixed with 
the hydrocarbon gas. The combustion gases 
are preferably formed in a chamber forming 
part of the retort, or adjacent to the chamber 
in which decomposition takes place, so that 
the combustion gases may be passed directly 
and without material loss of heat into the ' 

I thus do away decomposition chamber. 
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with the handling and reheating of the dilu 
ent gas as described in the Spear and Moore 
application. The apparatus which I use is 
considerably less expensive to build for han 
dling the same volume of hydrocarbon gas 
than is the apparatus shown in the Spear and 
Moore application. 

I will now describe in detail my process and 
apparatus. In the drawings:- 

Figure 1 is an elevation taken partly in 
vertical section showing more or less dia 
grammatically the preferred apparatus for 
carrying out the process; 

Figure 2 is a vertical section through the 
heating retort along the line II-II of Figure 
1; and 

Figure 3 is a horizontal section along the 
line III-III of Figure 2. 
The preferred apparatus as shown is of the 
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general type shown in the Brownlee and 
Uhlinger Patent No. 1,520,115. Generally 
speaking, it consists of a retort containing 
checker-work which is highly heated and 
through which the gas is passed to decompose 
the hydrocarbon. 

Referring to the illustrated embodiment of 
the apparatus, and particularly to Figure 1, 
reference numeral l indicates the retort in 
which the decomposition of the hydrocarbon 
gas takes place. The effluent gas which issues 
from the retort and which contains the en 
trained carbon particles passes to a chamber 
2 in which a water spray 3 is discharged to 
cool the gas. The hot gas converts the Water 
into steam, the latent heat of evaporation 
serving efficiently to cool the gas. The gas 
then passes downwardly through a colulun 
4 and along a conveyor passage 5 into the 
chamber 6, where the gas passes through the 
fabric bags which are shaken from time to 

The carbon 
from the separator 6 and the tower 4 falls into 
the conveyor passage 5, where it is pushed 
along to the right as viewed in Figure 1, by 
means of the screw conveyor 8, into a bin 
from which it is bagged. The general layout 
above described, and particularly the means 
for cooling and collecting the carbon black, 
is similar to that described in the Brownlee 
and Uhlinger Patent No. 1,520,115. The 
temperature of the cooling chamber 2 is pref 
erably automatically thermostatically con 
trolled, as described in the Brownlee and Uhlinger patent. 
The retort 1, its novel construction and the 

reactions taking place therein are now de 
scribed in more detail. 
The retort 1 has a steel plate casing 9 and 

a lining consisting of a facing 10 of firebrick 
and a backing 10 of refractory insulation 
material, such as asbestos or the polous in 
sulating material sold under the trade-imark 
“Silocel'. The retort is divided by a fire 
brick wall 11, into two chambers 12 and 13, 
which are duplicates of each other. A free 
passage between the chambers is provided by 
the opening 14 over the top of the partition 
wall 11. Each chamber contains refractory 
checkerwork 15, preferably built of silica 
brick, forming the two checker work reaction 
zones designated as A and B, respectively, 
in the chambers 12 and 13, respectively. 
There are mixing spaces or free chambers 16 
and 17 at the tops of the chambers 12 and 13, 
respectively. The checkerwork is supported 
by supporting columns or upright bricks 18, 
forming relatively open Spaces Or chambers 
19 and 20 beneath the checkerwork in the 
chambers 12 and 13, respectively. 
While in the illustrated embodiment of the 

invention, the two chambers 12 and 13 are 
formed within the confines of the single outer 
casing, the chambers might be otherwise al 
ranged, as, for instance, each chamber might 

3. 

be built within its own casing and the cham 
bers connected by a connecting passage or 
plpe. 

inlet pipes 21 and 22 discharge into the 
chambers 19 and 20, respectively. Inlet pipe 
21 has two branches 23 and 24 carrying the 
fuel gas, usually natural gas, and air, re 
spectively. The inlet pipe 22 has similar gas 
and air branch pipes 25 and 26. By admit 
ing fuel gas and air through the respective 
branch pipes, a heating blast can be dis 
charged into either chamber 19 or 20. The 
top or done of the retort is provided with an 
opening or passage 27, which is normally 
closed by a cap valve 28. A pipe 29 dis 
charges into the top of the retort for intro 
ducing the hydrocarbon gas to be decom 
posed, which is commonly known as the “run 
gas' in this industry. - 
The bottoms of the chambers 12 and 13 

are connected to the spray tower 2 by dis 
charge pipes 32 and 33, respectively, which 
are provided with shut-off valves 34 and 35. 
The preferred operation of the apparatus 

is as follows: The checkerwork in both cham 
bers is initially heated by heating blasts 
through the blast inlets 21 and 22. During 
this preliminary heating, which occurs when 
a cold retort is to be brought into operation, 
the gases of Coimbustion pass up through the 
checkerwork Zones A and B to initially heat 
them. The combustion gases are allowed to 
escape through the opened cap valve 28 in 
the top of the retort into the stack 36, through 
he roof of the building. 
If it is desired to interrupt the regular 

operation of the retort at any time, the re 
tort may be kept in a hot or “stand by con 
dition by a suitable amount of heat supplied 
by the blasts through the pipes 21 and 22, 
the products of combustion being allowed to 
escape from the top of the retort. 

After a cold retort has been heated up, it 
is in condition to perform its regular revers 
ing cycle for the production of carbon black. 
To do this, the heating blast is supplied 
through one or the other of the blast pipes 
21 or 22, Say, for example, the pipe 21, 
into the chamber 19. The air and fuel gas 
admitted through the gas pipe 2 burn in the 
chamber 19 and up through the checker work 
15. The proportion of air admitted through 
the branch pipe 24 and the fuel gas admitted 
through the branch pipe 23 may be adjusted 
so that the products of combustion as they 
emerge from the top of the checkerwork are 
principally or all carbon dioxide, or princi 
pally carbon monoxide, or a mixture of car 
bon dioxide and carbon monoxide, together, 
of course, with the nitrogen derived from 
the air and water vapor from the oxidation 
of the hydrogen constituent of the hydro 
carbon gas. The effect of the different pro 
portions of the carbon dioxide and carbon 
monoxide is discussed in detail later. 
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The highly heated gases of combustion, 
which serve as the diluent gas during the de 
composition of the hydrocarbon or run gas, 
pass over the top of the baffle wall 14, from 
the chamber 16 into the chamber 17. The 
run gas, which is usually natural gas, is ad 
mitted through the pipe 29 into the top of 
the retort and mixes with the stream of 
diluent gas passing into the mixing chamber 
17, above the checkerwork Zone B. This mix 
ture of diluent gas and run gas passes down 
through the checkerwork zone B, which has 
been highly heated by the blast previously 
applied to it. 
The run gas is decomposed into Solid car 

bon particles and hydrogen. The hydrogen 
is swept along with the stream of gases and 
out of the retort. The recoverable carbon 
is entrained in the gas stream and is re 
covered in the filtration apparatus. 
When the combustion is regulated to pro 

duce but little carbon dioxide in the diluent 
gas, solid carbon is deposited and encrusted 
on the checker work brick of the Zone B. 
When the combustion is regulated to produce 
principally carbon dioxide in the diluent gas, 
little if any carbon is deposited or encrusted 
on the checkerboard. The entrained and re 
coverable carbon is produced when the con 
bristion is regulated for either carbon mon 
oxide or carbon dioxide in the diluent gas 
or a mixture of the two. 
The carbon particles which are entrained 

in the stream of gas are swept along through 
the checkerwork into the chamber 18 and 
through the discharge pipe 33 into the cool 
ing column 2, and through the carbon col 
lector 6, where the carbon is filtered from 
the gas and recovered. 

iDuring this part of the cycle, the gate 
valve 35 in the discharge pipe 33 is, of course, 
open and the gate valve 34 and the discharge 
pipe 32 is closed. The valves admitting air 
and fuel gas to the blast pipe 22 are also 
closed. That portion of the cycle using the 
checkerwork Zone B as the decomposition 
Zone is continued until the checker Work in 
the zone B has dropped in temperature or 
has become encrusted with carbon, so that 
it does not act efficiently as a decomposing 
Zone. This time may vary from five to fif 
teen minutes, depending upon the size of the 
furnace, the relative proportions of carbon 
monoxide or carbon dioxide in the diluent gas, 
the dilution ratio, etc. The usual time in com 
mercial Cperation is from five to seven 
minutes. 
The length of time between reversals must 

be determined ior each particular type of fur 
nace and for the particular run and diluent 
gases used and for the particular ratio of 
diluent gas to the run gas. The length of 
time for reversals can readily be determined 
by watching the carbon black production and 
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regulating the reversals to get the maximum 
carbon black production. 

After that portion of the cycle has been 
completed during which the zone B is used 
as the reaction zone, the run gas is cut off 
from the pipe 29, the blast is cut off from the 
blast pipe 21, the shut-off valve 35 in the dis 
charge pipe 33 is closed, and the shut-off 
valve 34 in the discharge pipe 32 is opened. 
The valves 25 and 26 are then opened to ad 
mit the heating blast through the blast pipe 
22, and the run gas is again admitted through 
the pipe 29. 
The operation is then repeated with the 

chambers 12 and 13 in reversed operation. 
The blast from the pipe 22 reheats the check 
erwork in the Zone B and burns off encrusted 
carbon, if present, from the checkerwork. 
The hot gases of combustion pass over into 
the chamber 16, where they mix with the run 
gas, and the mixture of diluent gas and run 
gas then passes down through the checker 
work Zone A, where decomposition takes 
place. The gases then pass from the chamber 
19 through the discharge pipe 32 into the 

O 

75 

8O 

85 

90. gas-cooling and carbon-collecting devices. 
This completes the portion of the carbon 
black-producing cycle in which the checker 
work Zone A is used as the reaction ZOne. 
The carbon-producing cycle is thus divided 
into two half cycles, the first, in which the 
checkerwork B is used as the reaction ZOne, 
and the second, in which the checkerwork. A 
is used as the reaction Zone. 
At the end of these two half cycles of the 

carbon-producing cycle, the temperature of 
the checkerwork Zones A and B will usually 
have dropped sufficiently so that they will no 
longer operate efficiently to decompose the 
mixture of run gas and diluent gas. In coln 
mercial operation, the checkerwork Zones 
have their temperatures boosted by applying 
a heating blast through the burner pipes 21 
and 22, in commercial operation, this heat 
ing period usually Occupies about five to Seven 
minutes. After the temperatures in the 
checker work Zones A and B have been thus 
boosted, the carbon production is then contin 
led, first using the ZOne B as the reaction 
Zone, reversing and then using the ZOne A as 
the reaction Zone, followed by a further heat 
ing period. When the furnace is thus oper 
ated, the cycle has three periods, first, the 
half cycle in the carbon-producing operation 
in which the ZOne B is used as the reaction 
Zone; second, the other half cycle of the car 
bon-producing operation in which the Zone 
A is used as the reaction zone; and third, the 
portion or period of the complete three-part 
cycle in which the temperatures of the reac 
tion zones A and B are boosted preparatory 
to a repetition of the carbon-producing cycle. 
In commercial operation, and particularly 
when using a dilution ratio of three volumes 
of diluent gas to One of run gas, the three 
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part cycle is usually employed. However, 
the furnace may be operated upon a two-part 
cycle consisting of first using the zone B as the 
reaction zone, followed by using the Zone A 
as the reaction Zone, and then reversing and 
repeating these two half cycles, without inter 
mediate boosting of the reaction Zone tem 
peratures. This may occur if a large ratio of 
the hot diluent gas to the run gas is employed, 
since the larger dilution ratio will furnish 
more heat to the mixture which is to be de 
composed, with a consequent less tendency 
to cool the checkerwork in the decomposing 
ZOne. 

When a hydrocarbon gas, such as methane 
or natural gas, is heated, the hydrocarbon 
breaks down, yielding solid carbón particles 
and hydrogen. This reaction is endothernic. 
The temperature at which this reaction takes 
place, as well as the speed of the reaction, is 
profoundly affected by the presence of heat 
exchanging Surfaces. If heat exchanging 
surfaces are present, the decomposition takes 
place at a lower temperature and much more 
rapidly than would be the case if the gas 
were heated in a container which did not con 
tain extensive contact surfaces. For this rea 
son, the reaction zones are formed with exten 
sive contact surfaces which are heated. 
The heat exchanging surfaces are prefer 

ably provided, as shown, by refractory check 
erwork built up of refractory brick, although 
the surfaces may be otherwise provided. The 
word “checkerwork’ is intended as a term of 
general description and not of limitation, and 
is intended to include other materials and 
different shapes, whether in the form of regul 
lar brick or irregularly shaped bodies, so 
placed in the retort chamber as to expose ex 
tensive surfaces with free passages between 
them to permit flow of gas. When I speak 
of extensive contact surfaces I mean that the 
surfaces shall be of sufficient area. So as to 
cause the decomposition of the hydrocarbon 
gas to take place as herein described, and to 
thereby distinguish my construction from a 
chamber in which the only surfaces presented 
are those of the walls, and which are so small 
as to have but little surface effect upon the 
decomposition of the gas. I use the word 
“checkerwork” to distinguish my construc 
tion, on the One hand, from an open chamber 
in which the only surface presented is that 
of the walls which is so small as to have but 
little surface effect upon decomposition of 
the gas; and, on the other hand, from a bed 
of granular material in which the pieces of 
material and the passage between them are so 
Small that the carbon would be practically 
all caught in the bed of material and could 
not be recovered. 
Other specific forms of extensive heated 

contact surfaces may be provided in whole 
or in part by a heat-resisting metal structure, 
although I prefer to use refractory bricks 

such as silica or silicon carbide brick, in a 
retort like that illustrated, in which the heat 
ing blast is periodically applied through the 
reaction zone. 
For the purpose of giving a better insight 70 

into the reactions and conditions surrounding 
them, I will now attempt to set forth what I 
believe to be the underlying theoretical rea 
sons. I believe such theory to be correct, but 
it is to be understood that it is a matter of 5 
theory and that I do not intend to limit my 
invention to the theory, since, as a matter of 
practice, efficient carbon production has been 
attained with the use of the method and ap 
paratus herein described. 80 
When the run gas or hydrocarbon gas to be 

decomposed, which we will assume for sim 
plicity is natural gas which consists almost 
entirely of methane, is introduced through 
the pipe 29 into the stream of hot combustion 8 
gases passing over the top of the baffle wall 
14, some reaction between the diluent gas and 
the hydrocarbon gas probably starts immedi 
ately. The reactions which take place at this 
point are extremely complicated and so far as 90 
I know, have never been fully explained. 
These reactions are of relatively minor in 
fluences at the operating temperatures in my 
retort, because the gaseous mixture immedi 
ately enters the top of the refractory checker- 9 
work, say for example, the checkerwork B. 
The temperatures of the checkerwork 

Zones average about 2200 to 2600°F., pref 
erably about 2400 to 2500 F. at the bottom, 
and about 1500 to 2000°F., preferably about 100 
1700 to 1800° F. at the top. The bottoms of 
the checkerwork Zones are somewhat hotter 
than the tops, due to the fact that the heat 
ing blasts are applied at the bottoms. The 
temperature of the diluent gases as they pass 
from the top of the checkerwork is about 
that of the top of the checkerwork, say from 
1500 to 2000°F., and preferably from 1700 
to 1800° F. The addition of the run gas to 
the diluent gas coming from the checkerwork 
lowers the temperature of the diluent gases. 
This reduction in temperature depends 

upon the dilution ratio. Assuming a dilu 
tion ratio of one part of run gas at room 
temperature to three parts of diluent gas at 
a temperature of 1800° F., a calculation 
based upon the cooling effect of this volume 
of run gas upon the diluent gas indicates that 
the temperature of the mixture will be in 
the neighborhood of about 1370°F., neg. 
lecting any endothermic effect which may 
occur, due to a decomposition of the run gas 
which would still further lower the tem 
perature. 
At temperatures which are practically 

obtainable for the mixture, the rate of de 
composition of the run gas, without the use 
of heat exchanging surfaces, would be en 
tirely too slow for practical operation. Be 
cause of the money invested, the decomposing 
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retorts must be worked at a fairly high ca 
pacity, and therefore, the stream of gas must 
flow fairly rapidly through any commercial 
gas decomposing retort. Moreover, if the 
carbon once formed remains in the heated re 
tort too long, it tends to become coarse or 
graphitic in texture and gray in color. It 
is therefore desirable, both for economy in 
operation and for attaining the desired prod 
uct, to speed up the decomposing reaction 
by the use of extensive heat exchanging Sur 
faces. 
These heat exchanging surfaces have the 

dual function of bringing up the mixture 
formed by the preheated diluent gas and the 
cold run gas to the proper operating tem 
perature and of exerting the so-called cata 
lytic or surface action in speeding up the de 
composing reaction at the operating tem 
perature. 
The diluent gas is used in an excess by 

volume over that of the run gas, the volumes 
being computed at the same temperature. 
For the production of a carbon having fine 
particles and a very dark color, the volume 
of diluent gas should be at least twice that 
of the run gas, and preferably three or four 
times that of the run gas. 
As described in the Spear and Moore ap 

plication, the presence of the relatively large 
amount of diluent gas in the mixture pro 
foundly modifies the carbon from that pro 
duced by the Brownlee and Uhlinger proc 
ess, or that which would be produced by a 
process in which a relatively Small amount 
of diluent gas might be used. When a hy 
drocarbon gas, such as natural gas, is decom 
posed in the retort, as in the Brownlee and 
Uhlinger process, a carbon black is pro 
duced which is of a grayish cast and which 
contains a larger proportion of large car 
bon particles than the carbon blackproduced 
when a considerable volume of diluent gas 
is employed. The same would be true if a 
relatively small amount of a diluent gas were 
present in the hydrocarbon gas. These 
large carbon particles produced by the 
Brownlee and Uhlinger process apparently 
persist as such even when the carbon is 
milled into rubber or other media. The 
carbon particles as initially formed at the 
contact surfaces in the Brownlee and Uhlin 
ger process are in an environment which is 
rich in hydrocarbon, and they apparently 
serve as decomposition centers or nuclei 
which grow in size, due to the further de 
composition of the hydrocarbon gas. 
When the hydrocarbon or run gas is suf 

ficiently diluted, as in my process, the car. 
bon particles as initially formed upon or in 
the neighborhood of the contact surfaces are 
in an environment in which the molecules of 
the hydrocarbon gas are dispersed in the di 
luent, so that the hydrocarbon molecules do 

65, not have the same opportunity to grow in 
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size. Moreover, the relatively large volume 
of the added diluent speeds up the velocity 
of the gas stream through the reaction Zone 
and more quickly removes the carbon parti 
cles which are not allowed to remain in the 
highly heated Zone for but a few seconds, 
This shortening of the time that the carbon 
particles can remain in the reaction zone, also 
tends to preserve the dark color and fineness 
of the carbon particles. 
The character of the resultant carbon is 

therefore dependent upon the relative vol 
umes of the diluent and run gases. If the ra 
tio of diluent to run gas be decreased much 
below about two to one, say one to one, the 
carbon has characteristics which approach 
those of the carbon black produced by the 
Brownlee and Uhlinger process, in which no 
diluent gas is used, namely, it would be of a 
grayish cast and of a higher apparent gravi 
ty or lower bulking value and would contain 
a larger proportion of large particles than 
where a sufficient volume of diluent gas is em 
ployed. At the two to one ratio of diluent to 
run gas, the desirable qualities imparted to 
the carbon by the use of the diluent gas are 
well developed. Tests have indicated that 
these desirable qualities are fully attained at 
the ratio of about three volumes of diluent gas 
to one of run gas. 
There is therefore no advantage in increas 

ing this ratio beyond the point at which the 
desirable characteristics are fully developed 
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by dilution, as an increase of the diluent gas 
merely means more gas handled and also, as 
will be further explained, when the diluent 
gas contains principally carbon dioxide, a 
decrease in yield of recoverable carbon black. 
Therefore, I prefer to use a dilution ratio 
of not over about six volumes of diluent gas 
to One volume of run gas, although such ratio 
may be exceeded, particularly when using 
principally carbon monoxide in the diluent 
gas. In commercial operation a dilution 
ratio of three or four to one, usually about 
three to One, has been found to be satisfac 
tory. 
In Order to explain the reactions which 

may take place, we will consider two cases, 
first, where the combustion of the heating 
blast is regulated to produce principally car 
bon monoxide, and second, where it is regu 
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lated to produce carbon dioxide entirely or 
principally. The combustion gases, of course, 
contain nitrogen and steam or hydrogen, in 
addition to the carbon dioxide or carbon 
monoxide. Therefore, when I speak of pro 
ducing principally carbon monoxide, I mean 
that the oxidized carbon in the gas exists 
principally as carbon monoxide and not as 
dioxide, and conversely, when I Speak of 
producing carbon dioxide entirely or princi 
pally, I mean that the carbon dioxide is pro 
duced to the exclusion of carbon monoxide or 130 
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that the gases contain carbon dioxide with but 
little carbon monoxide. 

Referring first to the carbon monoxide 
case: The ratio of air to fuel gas admitted to 
the heating blast may be adjusted so that the 
resultant products of combustion discharged 
at the top of the checkerwork which is be 
ing blasted will contain principally carbon 
monoxide with but relatively little carbon di 
Oxide. 
When a natural gas consisting of about 

91% methane 6.5% nitrogen and 2.5% ethane, 
such as that from the “dry” section of the 
Monroe gas field in Louisiana, is used as the 
heating gas, a ratio of air to gas of about 
four to one is found by practice to yield car 
bon monoxide with but 1% or SO of carbon di 
oxide in the resultant products of combul:tion. 
The products of combustion as they emerge 
from the top of the checkerwork will at this 
air and gas ratio contain some free carbon. 
They also contain nitrogen which was pres 
ent in the air. The hydrogen constituent of 
natural gas appears either as steam or hydro 
gen. 
The highly heated water vapor or Super 

heated steam which results from the oxida 
tion of the hydrogen constituent of the natu 
ral gas has been generally regarded as an 
oxidizing gas at high temperatures. I have 
found, however, that the presence of the 
steam is not objectionable from this stand 
point as it is apparently substantially inert 
to the solid carbon particles entrained in the 
gases of decomposition in the reaction Zone, 
under the conditions maintained. So far as 
I can determine, the steam at the concentra 
tion found in the combustion gases does not 
cause any objectionable or material decrease 
of the carbon black produced. The carbon 
monoxide is, of course, inert to the carbon 
and the run gas. By the term “inert’, mean 
that it does not combineto any substantial ex 
tent, as by oxidation. 

Decomposition of the run gas into solid 
carbon and hydrogen apparently takes place 
at or in the immediate vicinity of the heat 
exchanging surfaces furnished by the check 
erwork. Rather more than half of the solid 
carbon is deposited on the checkerwork sur 
faces and the remainder is swept along with 
the stream of effluent gas and is recovered in 
the filtration apparatus. 
When the carbon monoxide greatly pre 

dominates over carbon dioxide in the combus 
tion gases, the carbon which is deposited in 
the checker work during the half cycle in 
which the checkerwork is acting as the reac 
tion zone, is removed during the next half 
cycle when the blast is applied to such check 
erwork. Therefore, when the heating blast 
is applied, it should contain sufficient excess 
air to burn off this encrusted carbon to car 
bon monoxide. 
Carbon dioxide and solid carbon tend to 
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combine at high temperatures to form carbon 
monoxide. The checkerwork is encrusted 
with carbon. Therefore, carbon dioxide, 
which may be formed by a lean mixture in the 
open chambers 19 and 20, beneath the checker 
work, will tend to be reduced to carbon mon 
Oxide as it passes up through the carbon-en 
crusted checkerwork. In adjusting the air 
and gas ratio to produce carbon monoxide, 
the effect of the encrusted carbon has to be 
taken into account. 

In the natural gas field, where gas is cheap 
enough to use for making carbon black, the 
natural gas is the most satisfactory and the 
cheapest fuel for supplying the hot diluent 
gases of combustion. The temperature ob 
tainable in burning natural gas to carbon 
monoxide is insufficient to decompose the run 
gas mixed with it to yield any substantial 
quantity of solid carbon, without the aid of 
contact surfaces. As above explained, the 
contact surfaces speed up the decomposition 
reaction and allow it to proceed at the neces 
sary rapid rate at temperatures considerably 
lower than those which would be required to 
decompose the hydrocarbon gas without con 
tact surfaces. Moreover, a temperature 
which would be sufficient to decompose the 
run gas rapidly without contact surfaces 
would be so high as to be destructive of the 
refractories. 

may next consider the case in which the 
combustion is controlled to produce carbon 
dioxide or principally carbon dioxide in the 
gases of combustion as they are discharged 
from the top of the checkerwork which is be 
ing heated by the blast. The air-gas ratio of 
the heating blast is adjusted to burn all of 
the fuel gas to carbon dioxide and all of its 
hydrogen to steam. For a natural gas con 
sisting of about 91% methane, 6.5% nitrogen 
and 2.5% ethane, such as that from the “dry” 
section of the Monroe gas field in Louisiana, 
the ratio is approximately nine parts of air 
to one of natural gas. This ratio has also 
been found by tests to be the best ratio to use 
in practice. This ratio gives the highest pos 
sible temperature and is therefore the most 
economical for heating purposes. 

It has commonly been supposed that carbon 
dioxide at high temperatures would act ener 
getically as an oxidizing gas and Would react 
with the hydrocarbon gas and the entrained 
carbon particles so as to cut down the yield 
of recoverable carbon black. I have found, 
however, that while the carbon dioxide at 
high temperatures acts as an oxidizing gas 
to highly heated carbon, its oxidizing action 
is so controllied in my method and apparatus 
that the recoverable vield of carbon black is 
not materially diminished over what it would 
be when using carbon monoxide or otherinert 
gas. believe the reason for this is as foll 
lows: 
When the run gas comes in contact with 

70 

80 

85 

90 

95 

05 

110 

5 

20 

130 

  



O 

5 

20 

S O 

40 

60 

65 

S 

the heated checkerwork, the molecules of 
methane or other hydrocarbon are decom 
posed, yielding carbon and hydrogen. Some 
of the carbon apparently remains in contact 
with the surface of the checkerwork and is 
immediately oxidized to carbon monoxide by 
the carbon dioxide or steam in the diluent gas. 
The high temperatures of the surfaces and 

the apparent catalytic action of a surface, are 
apparently responsible for the rapid reaction 
and the oxidation of the carbon which would 
otherwise be encrusted on the checkerwork. 
I have found that in using the diluent gas 
containing a considerable amount of carbon 
dioxide, very little if any carbon is left on 
the checkerwork. 
When the hydrocarbon is decomposed, a 

part of the carbon is apparently swept away 
from the contact surfaces as soon as it is 
formed and goes out into the stream of gas 
out of contact with the surfaces. The atoms 
Of the free carbon apparently coalesce in con 
siderable numbers to form the solid carbon 
particles. These particles constitute the re 
coverable carbon. 
I have made the following observations in 

using my furnace when the heating blast was 
adjusted to produce carbon dioxide. The 
yield of carbon recovered in the carbon-co 
lecting apparatus was substantially the 
same as when the heating blast was ad 
justed to produce principally carbon monox 
ide. The effluent gas which came from the 
retort, in addition to containing the entrained 
carbon, contained about 25% hydrogen, 
when a dilution ratio of three parts of com 
bustion gas to one part of run gas was main 
tained. 
The amount of undecomposed hydrocar 

bon in the effluent gas was much lower than 
that in the effluent gas from the Brownlee 
and Uhlinger process or in the effluent gas 
when using carbon monoxide in my furnace. 
The undecomposed hydrocarbon was only 
about 1 or 2% by volume of the total effluent 
gas. The Oxides of carbon in the effluent gas 
existed practically entirely in the carbon 
monoxide form. The carbon dioxide in the 
effluent gas was reduced to a mere trace, if 
any. No appreciable amount of carbon was 
encrusted upon the checkerwork of the re 
action Zone. 
From these observations, I make the fol 

lowing deductions: The decomposition of 
the hydrocarbon, such as methane, takes 
place principally in contact with the heat 
exchanging surfaces. When the methane is 
broken down, it yields carbon and hydrogen. 
The hydrogen apparently is not materially 
affected by the carbon dioxide and steam of 
the diluent gas, since there is about 25% hy 
drogen in the effluent gas. The carbon which 
is produced by the decomposition of the me 
thane molecules suffers either one of two 
fates. Some of the carbon remains on the 
heat exchanging surfaces and is there oxi 

carbon monoxide. 
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Some of the carbon is 
swept away from the surfaces before it can 
be thus oxidized and out into the stream of 
gas. Such carbon appears in the main not 
to be oxidized by either the carbon dioxide 
or steam. In the first place, this carbon is 
away from the surfaces and not subjected 
to the catalytic surface reaction. In the sec 
ond place, the reaction between the solid car 
bon and carbon dioxide or between the solid 
carbon and steam is endothermic, so that if 
a reaction should start between a carbon par 
ticle and the carbon dioxide or the steam out 
in the gas, such particles would be immedi 
ately cooled and the reaction would be re 
tarded or stopped, which would permit the 
carbon particles to be swept out of the reac 
tion zone unoxidized. Moreover, as the 
stream of gas goes down through the reac 
tion zone checkerwork, the proportion of 
Carbon dioxide decreases and that of the 
monoxide increases until at the bottom of the 
checkerwork, there is no carbon dioxide pres 
ent. 
The rate of reaction is greater between the 

carbon dioxide and the carbon on the heat 
exchanging surfaces than it is between the 
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carbon dioxide and the carbon entrained in 
the gas. Therefore, the demand for the car 
bon by the carbon dioxide is principally, if 
not entirely, satisfied by the carbon which 
Would otherwise be deposited on the check 
erwork. The same is apparently true for 
the steam, the steam exercising a selective 
oxidation, taking the carbon in contact with 
the checkerwork rather than the carbon en 
trained in the gas. As above pointed out, 
the reactions between carbon and carbon di 
oxide and between carbon and steam are en 
dothermic. Such reactions tend to decrease 
in rapidity and can be kept up only by the 
supply of external heat. In the gas, such 
heat can be supplied only by radiation or 
convection, and such supply is slight com 
pared with that which could be supplied 
from a hot contact surface. Hence, the per 
sistence of the solid carbon particles en 
trained in gas. On the other hand, the heat 
exchanging surfaces can furnish a supply 
of heat which keeps up the reactions on their 
surfaces. Moreover, any combustion reaction 
takes place better at a surface than out in the 
gaseous phase. Hence, the carbon which 
would be otherwise encrusted is burned. 

Using dilution ratios of about three or 
four parts of the combustion gas to one part 
of the run gas, the carbon dioxide and steam 
do not seem to reduce the yield of recover 
able carbon below that obtainable in using 
an inert diluent gas. The dilution ratio 
should not be increased too much, however, 
since a too great predominance of the car 
bon dioxide and steam would tend to cut 
down the yield of recoverable carbon. 
Therefore, in using a diluent gas contain 
ing some potential oxidizing constituent, 
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such as carbon dioxide or steam, the dilu 
tion ratio should be adjusted So as not to 
objectionably burn up the entrained carbon 
and reduce the yield. As above pointed out, 
in using a dilution ratio of about three parts 
of combustion gas to one part of run gas, 
the carbon dioxide is substantially all re 
duced by the carbon encrusted on the check 
erwork so that it emerges from the bottom 
of the checker work as carbon monoxide. If 
the dilution ratio were increased too much, 
it is obvious that there would be too much 
carbon dioxide to be thus reduced, and the 
stream of effluent gas leaving the checker 
Work would contain large amounts or a 
predominance of the carbon dioxide, and 
this might result in considerably decreasing 
the yield of carbon black. As above stated, 

prefer to use a dilution ratio of not over 
about six volumes of diluent gas to one vol 
ume of run gas. 
The heat exchanging surfaces are pecu 

liarly desirable when combustion gases con 
taining large amounts of carbon dioxide are 
utilized as the diluent gas. If no extensive 
contact surfaces were present to speed up 
the decomposing reaction, the mixture would 
have to be heated to a very high tempera 
ture to decompose the run gas at any sub 
stantial speed, and at such very high tem 
perature the carbon particles entrained in 
the gas would be attacked by the carbon di 
Oxide. On the other hand, the hot contact 
surfaces speed up the decomposing reaction 
So that the temperature of the gases may 
be maintained low enough not to allow the 
oxidation and destruction by the carbon di 
Oxide of the carbon black particles which are 
entrained in the gas and which it is desired 
to recover as the useful product of the proc 
ess. Because of the temperature balance 
thus obtained, the oxidizing effect of the 
carbon dioxide is confined principally if not 
entirely to the carbon which would be other 
wise encrusted on the contact surfaces, and 
therefore not usefully recoverable. 
What has just been said about the desira 

bility of the heat exchanging surfaces in 
lising combustion gases containing large 
amounts of carbon dioxide applies also to 
combustion gases containing steam. The 
very high temperatures which would be re 
quired to decompose the run gas without the 
aid of contact surfaces would likewise re 
sult in the Oxidation and destruction of the 
entrained carbon black particles by the 
steam. The contact surfaces by speeding up 
the decomposing reaction allow the gases 
containing the steam to be maintained at a 
temperature insufficient to result in any con 
siderable oxidation and destruction of the 
carbon black particles which are entrained 
in the gas. As in the case of carbon dioxide, 
the temperature balance thus obtained con 
fines the oxidizing effect of the steam prin 

9 

cipally, if not entirely, to the carbon which 
would be otherwise encrusted on the heat 
exchanging surfaces. 

In using a hydrocarbon for a fuel under 
conditions which produce carbon dioxide, 
steam is also produced, so that the com 
bined undesirable effects of the carbon di 
oxide and the steam on the entrained car 
bon particles are minimized or prevented by 
the use of contact surfaces. 

in case a fuel consisting entirely or prin 
cipally of carbon, such as coke, is used, the 
carbon dioxide would be produced to the 
practical exclusion of steam. On the other 
hand, if a fuel, such as the Waste effluent hydrogen-containing gases resulting from 
the Brownlee and Uhlinger, or the Spear and 
Moore process, should be utilized as a con 
stituent of the heating blast, then the steam 
might be predominant over the carbon di 
oxide or monoxide. 

It will be seen, therefore that the gases 
of combustion may contain both carbon di 
oxide and steam; or carbon monoxide and 
Steam; or carbon dioxide, carbon monoxide 
and steam; in varying proportions or even 
containing One to the practical exclusion of 
the other. 
The yield of recoverable carbon is approxi 

mately the same, whether the blast be adjust 
ed to produce principally carbon monoxide 
or carbon dioxide. When carbon monoxide 
is used, more of the hydrocarbon, such as 
methane, passes into the effluent gas unde composed. The undecomposed hydrocarbon 
may amount to 5 to 6% of the volume of the 
effluent gas. It therefore seems that any oxi 
dizing action by the carbon dioxide on the 
entrained carbon particles is fully compen 
sated for by the increased decomposition of 
the methane. - 

The ratio of the fuel gas to the air may be adjusted so as to produce principally carbon 
monoxide or principally carbon dioxide or 
varying mixtures, although I prefer to adjust 
the air and fuel gas ratio so as to produce 
principally carbon dioxide as a higher tem 
perature is thus given to the diluent gases as 
they flow over the top of the baffle wall 14 
and mingle with the run gas. This tends to 
keep up the heat at the top of the reaction 
Zone. To get a good yield of carbon black 
in the furnace, the heat distribution in the 
furnace is important, and I have found that 
the heat distribution obtained by running the 
furnace with principally carbon dioxide 
keeps up the heat at the top of the checker 
Work in the reaction Zone and gives a maxi 
mum production of carbon. Moreover, in 
using the dioxide, there is very little if any 
carbon black deposited on the checkerwork 
which would serve as a heat-insulating layer 
and thus reduce the efficiency of the checker 
work. 
While the present process has been de 
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scribed with particular reference to the de 
composition of natural gas, it may be applied 
to the decomposition of other carbon contain 
ing gases, such for example, as still gas from 
the petroleum refining industry, casing head 
gas, a gasified or vaporized oil, gases made 
from coal, etc. While it is preferred, be 
cause of convenience and because of the pres 
ent low cost, to use the natural gas as a fuel 10 gas, other fuels may be employed to produce 
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part or all of the diluent products of com 
bustion, such as oil, coke or coal, or even the 
waste hydrogen-containing effluent gas re 
sulting from the Brownlee and Uhlinger or 
from the Spear and Moore process, which may 
be burned with a controlled air supply SO 
as to produce gaseous decomposition products 
of the desired composition. 
As will be apparent from the above descrip 

tion, the hot products of combustion flow 
ing from the checkerwork chamber to which 
the heating blast is applied to the checker 
work chamber in which the decomposing re 
actionistaking place, will furnish a consider 
able part, if not the major part, of the heat 
necessary to maintain the endothermic de 
composition of the run gas. The relative 
amounts of heat supplied by storage in the 
checkerwork from the previous heating blast 
and of heat supplied by the sensible heat of 
the diluent combustion gases may be varied. 
If the temperature of the combustion gases is 
relatively low, or the dilution ratio of diluent 
gas to run gas is low, then the heat stored in 
the checkerwork may be relied upon as the 
principal source of heat for carrying out the 
decomposing reaction. On the other hand, if 
the combustion gases are produced at a rela: 
tively high temperature and if the ratio of 
the diluent combustion gas to the run gas is 
also relatively large, the sensible heat of the 
combustion gas may be made the major source 
of heat required for the decomposing reac 
tion. 
While I have specifically illustrated and 

described the preferred embodiment of my 
apparatus and process, it is to be understood 
that the invention is not so limited, but may 
be otherwise embodied and practiced within 
the scope of the following claims. 

I claim :- 
1. The process of producing carbon black, 

which comprises burning a fuel to produce 
55 

60 
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hot combustion gases, forming a mixture 
containing the hot combustion gases and a 
hydrocarbon gas to be decomposed, passing 
the mixture over extensive heat eXchanging 
surfaces so as to decompose the hydrocarbon 
gas and yield solid carbon particles, and sepa 
rating the carbon particles from the gaseous 
decomposition products. 

2. The process of producing carbon black, 
which comprises burning a fuel with air SO 
as to produce hot combustion gases, consist: 
ing principally of nitrogen, Water vapor and 
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an oxide of carbon, forming a mixture con 
taining the hot combustion gases and a hy 
drocarbon gas to be decomposed, passing the 
mixture over extensive heat exchanging sur 
faces so as to decompose the hydrocarbon gas 
and yield solid carbon particles, and sepa 
rating the carbon particles from the gaseous 
decomposition products. 

3. The process of producing carbon black, 
which comprises burning a fuel with air so 
as to produce hot combustion gases, consist 
ing principally of nitrogen, Water vapor and 
carbon dioxide, forming a mixture contain 
ing the hot combustion gases and a hydro 
carbon gas to be decomposed, passing the 
mixture over extensive heat eXchanging sur 
faces so as to decompose the hydrocarbon gas 
and yield solid carbon particles, and separat 
ing the carbon particles from the gaseous de 
composition products. 

4. The process of producing carbon black 
by thermal decomposition, which comprises 
burning a fuel to produce hot combustion 
gases, forming a mixture containing the hot 
combustion gases and a hydrocarbon gas to 
be decomposed, further heating the mixture 
by contact with heat exchanging Surfaces so 
as to decompose the hydrocarbon gas and 
yield solid carbon particles, and separating 
the carbon particles from the gaseous decom 
position products. 

5. The process of producing carbon black, 
which comprises burning a fuel to produce 
hot combustion gases, mixing at least two 
volumes of the hot combustion gases with one 
volume of a hydrocarbon gas to be decom 
posed, volumes being computed at the same 
temperature, passing the mixture over exten 
sive heat exchanging surfaces so as to decom 
pose the hydrocarbon gas and yield solid car 
bon particles, and separating the carbon nar 
ticles from the gaseous decomposition prod 
lucts. 

6. The process of producing carbon black, 
which comprises burning a fuel with air so 
as to produce hot combustion gases consist 
ing principally of nitrogen, water vapor and 
carbon dioxide, mixing at least two volumes 
of the hot combustion gases with one volume 
of a hydrocarbon gas to be decomposed, vol 
umes being computed at the same tempera 
ture, passing the mixture over highly heated 
checkerwork so as to decompose the hydro 
carbon gas and yield solid carbon particles, 
and separating the carbon particles from the 
gaseous decomposition products. 

7. The process of producing carbon black, 
which comprises burning a fuel to produce 

CS 
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hot combustion gases, mixing at least two 
volumes of the hot combustion gases with one 
volume of a hydrocarbon gas to be decom 
posed, volumes being computed at the same 
temperature, further heating the mixture so 
as to decompose the hydrocarbon gas and 
yield solid carbon particles, and Separating 
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the carbon particles from the gaseous decom 
position products. 

8. The process of producing carbon black, 
which comprises burning a fuel to produce 
hot combustion gases, mixing from two to 
six volumes of the hot combustion gases with 
one volume of the hydrocarbon gas to be 
decomposed, volumes being computed at the 
same temperature, passing the mixture over 
extensive heat exchanging Surfaces so as to 
decompose the hydrocarbon gas and yield 
solid carbon particles, and separating the 
carbon particles from the gaseous decomposi 
tion products. 

9. The process of producing carbon black, 
which comprises burning a fuel to produce 
hot combustion gases, mixing from two to 
six volumes of the hot combustion gases with 
one volume of a hydrocarbon gas to be de 
composed, volumes being computed at the 
same temperature, further heating the mix 
ture so as to decompose the hydrocarbon gas 
and yield solid carbon particles, and separat 
ing the carbon particles from the gaseous de 
composition products. 

10. The process of producing carbon black, 
which comprises burning a fuel to produce 
hot combustion gases, forming a mixture con 
taining the hot combustion gases and a hy 
drocarbon gas to be decomposed, and passing 
the mixture through highly heated checker 
work so as to decome the hydrocarbon gas 
and yield solid carbon particles, separating 
the carbon particles from the gaseous decom 
position products, and periodically applying 
a heating blast to the checkerwork. 

11. The process of producing carbon black, 
which comprises burning a fuel to produce 
hot combustion gases, forming a mixture con 
taining the hot combustion gases and a hy 
drocarbon gas to be decomposed, passing the 
mixture over extensive heat exchanging sur 
faces so as to decompose the hydrocarbon gas 
and yield solid carbon particles, separating 
the carbon particles from the gaseous decom 
position products, and periodically applying 
a heating blast to the contact surfaces. 

12. The process of producing carbon black, 
which comprises burning a fuel to produce 
hot combustion gases, mixing the hot com 
bustion gases with a hydrocarbon gas to be 
decomposed, passing the mixture over exten 
sive heat exchanging surfaces so as to decom 
pose the hydrocarbon gas and yield solid car 
bon particles, the temperature of the hot com 
bustion gases and the dilution ratio between 
them and the hydrocarbon gas being such 
that the considerable portion of the heat re 
quired for the decomposition of the hydro 
carbon gas is supplied from the sensible heat 
of the hot diluent combustion gases, and sepa 
rating the carbon particles from the gaseous 
decomposition products. 

13. The process of producing carbon black, 
; which comprises burning a fuel with air and 

passing the gases of combustion over contact 
surfaces and thereby imparting heat there 
to, forming a mixture containing the hot 
combustion gases and a hydrocarbon gas to 
be decomposed and passing the hot mixture 
thus formed over a second set of previously 
heated contact surfaces so as to decompose 
the hydrocarbon gas and yield solid carbon 
particles, and Separating the carbon particles 
from the gaseous decomposition products, 
and reversing the operation by burning a 
fuel with air and passing the gases of com 
bustion over the second set of contact sur 
faces, forming a mixture containing the hot 
combustion gases and the hydrocarbon gas to 
be decomposed, and passing the hot mixture 
thus formed over the previously heated first 
Set of contact surfaces so as to decompose the 
hydrocarbon gas and yield solid carbon par 
ticles, and separating the carbon particles 
from the gaseous decomposition products. 

14. The process of producing carbon black, 
which comprises burning a fuel to produce 
an oxidizing blast and passing such blast 
through checkerwork to impartheat thereto 
and burn off any carbon which may remain 
from the previous cycle of operation, mixing 
a hydrocarbon gas to be decomposed with the 
hot gaseous products of combustion from 
such blast, passing the mixture through a 
previously heated second set of checkerwork 
So as to decompose the hydrocarbon gas and 
yield carbon particles, separating the carbon 
particles from the gaseous decomposition 
products, and reversing the operation by 
supplying the oxidizing heating blast to the 
Second set of checkerwork, and passing the 
gaseous products of combustion together 
with the hydrocarbon gas to be decomposed 
through the first set of checkerwork. 

15. Apparatus for the production of car 
bon black, comprising two clambers contain 
ing extensive contact surfaces adapted to be 
heated, a burner discharging into each cham 
ber, means for conducting products of com 
bustion from each chamber to the other cham. 
ber, means for mixing a hydrocarbon gas to 
be decomposed with the products of combus 
tion passing from One chamber to the other 
chamber and for passing the mixture over 
the hot contact surfaces in the second cham 
ber so as to decompose the hydrocarbon gas 
and yield solid carbon particles, ineans for 
periodically reversing the flow of gases be 
tween the chambers, and means for sepa 
rating the carbon particles from the gaseous 
decomposition products. 

16. Apparatus for the production of car 
bon black, comprising two chambers contain 
ing refractory checkerwork, means for pass 
ing a heating blast through the checkerwork 
of each chamber, means for leading the hot 
products of combustion from such blast from 
one chamber to the other, means for mixing 
a hydrocarbon gas to be decomposed with 
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such hot products of combustion and pass 
ing the mixture through the heated re 
fractory checkerwork in the other chamber 
so as to decompose the hydrocarbon gas and 
yield solid carbon particles, means for per 
riodically reversing the flow of gases through 
the chambers, and means for separating the 
carbon particles from the gaseous decomposi 
tion products. 

17. Apparatus for the production of car 
bon black, comprising chambers containing 
extensive hot contact surfaces adapted to be 
heated, means for supplying a heating blast 
to each chamber, means for conducting the 
products of combustion while retaining their 
sensible heat from one chamber to another, 
means for mixing a hydrocarbon gas to be 
decomposed with the hot products of Com 
bustion passing from one chamber to another 

1,880,512 

with One volume of a hydrocarbon gas to be 
decomposed, volumes being computed at the 
same temperature, passing the mixture Over 
heated checkerwork surfaces so as to decom 
pose the hydrocarbon gas and yield solid car 
bon particles, and separating the carbon par 
ticles from the gaseous decomposition prod 
lucts. 
In testimony whereof I have hereunto set 

my hand. 
ELLWOOD B. SPEAR. 

chamber and for passing the mixture over 
the hot contact surfaces therein so as to de 
compose the hydrocarbon gas and yield solid 
carbon particles, and means for separating. 
the carbon particles from the gaseous de 
composition products. 

18. Apparatus for the production of car 
bon black, comprising a chamber containing 
extensive hot contact surfaces adapted to be 
heated, means for periodically supplying a 
heating blast to heat the contact surfaces in 
such chamber, means for thereafter supply 
ing to such chamber a mixture containing hot 
combustion gases and a hydrocarbon gas to be 
decomposed and for passing the mixture over 
the hot contact surfaces therein so as to de 
compose the hydrocarbon gas and yield solid 
carbon particles, and means for separating 
the carbon particles from the gaseous de 
composition products. 

19. Apparatus for the production of car 
bon black, comprising a chamber containing 
refractory checkerwork, means for applying 
a heating blast to heat the checkerwork in 
such chamber, means for passing through the 
heated checkerwork a mixture containing hot 
combustion gases and a hydrocarbon gas to 
be decomposed and thereby decompose the 
hydrocarbon gas and yield solid carbon par 
ticles, and means for separating the carbon 
particles from the gaseous decomposition 
products. 

20. The process of producing carbon 
black, which comprises burning a fuel to pro 
duce hot combustion gases, forming a mix 
ture containing the hot combustion gases 
and a hydrocarbon gas to be decomposed, 
passing the mixture over heated checkerwork 
surfaces so as to decompose the hydrocarbon 
gas and yield Solid carbon particles, and sep 
arating the carbon particles from the gas 
eous decomposition products. 

21. The process of producing carbon 
black, which comprises burning a fuel to 
produce hot combustion gases, mixing at least 
two volumes of the hot combustion gases 
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Patent No. 1,880,512. - October 4, 1932. 

ELLWOOD B. SPEAR. 
It is hereby certified that error appears in the printed specification of the 

above numbered patent requiring correction as follows: Page 4, line 28, for 
"cheekerboard" read "checkerwork"; page 8, line 66, after the syllable "oxi-". 
insert the syllable and words "dized by the carbon dioxide or steam into"; page 
11, line 32, claim 10, for "decome" read "decompose"; and that the said Let. . 
ters Patent should be read with these corrections therein that the same may 
conform to the record of the case in the Patent Office. 

Signed and sealed this 13th day of December, A. D. 1932, 
-...-----" " 

- ... - M. J. Moore, 
(Seal) Acting Commissioner of Patents. 
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